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From the Frank vectorcardiograms of 101 normal children between 3 and 14 years of age, per-
centile vector tables and charts have been constructed for the horizontal, frontal, and left sagittal
planes. The use of these charts allows a rapid analysis of unknown vectorcardiograms by demon-
strating where normal limits are exceeded.

As an instial test of the method, the vectorcardiograms of 20 patients with aortic stenosis and
20 patients with pulmonary stenosis were analysed in the horizontal plane. For the aortic stenosis
patients, 19 of the 20 exceeded the 95th percentile limits in the posterior quadrants, and all 20 of
the patients with pulmonary stenosis exceeded the 95th percentile limits in the right quadrants.

Thus, it appears that the method described allows a rapid means of detecting abnormality of
vectorcardiograms, and in an initial test appears to be quite sensitive. The use of normal percentile
charts and tables should make feasible the routine analysis of vectorcardiograms in clinical

practice.

The vectorcardiogram is said to have signifi-
cant advantages over the standard electro-
cardiogram in the assessment of many types of
congenital heart disease (Hugenholtz and
Liebman, 1962; Gamboa, Hugenholtz, and
Nadas, 1965). Because the parameters usually
measured, such as timed vectors or spatial volt-
ages (Young, Liebman, and Nadas, 1960;
Hellerstein and Hamlin, 1960 ; Hugenholtz and
Liebman, 1962), are rather complex, the
vectorcardiogram has not had widespread clini-
cal acceptance in routine cardiac evaluation.

With the aim of facilitating routine clinical
application of the vectorcardiogram, the
present study was undertaken to determine,
for normal children, the voltage distributions
in various directions of each of the three
planar projections, and to present them in a
form that could be used readily for diagnostic
evaluation of vector loops. The applicability
of the procedure was tested in the assessment
of left and right ventricular hypertrophy in
patients with aortic and pulmonary stenosis,
respectively.
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Materials and methods

A total of 101 children was included in the normal
series. The absence of cardiovascular disease was
inferred from a negative clinical history and
physical examination obtained by a cardiologist.
The standard electrocardiogram did not show any
abnormality. The children had been admitted to
the Alder Hey Children’s Hospital in Liverpool
for various short-term illnesses, such as minor
trauma, upper respiratory tract illnesses, ear, nose,
and throat infections, and behaviour problems.
The children varied between 3 and 14 years of
age and there were 8 to 10 subjects at each year
interval (10 between 3 and 4 years, 9 between 4
and 5 years, etc.). There were 65 boys and 36 girls.

The vectorcardiograms were obtained, just
before discharge from the hospital, by means of a
Sanborn vectorcardiograph (Sanborn 185 vector
system) modified for the Frank lead system (Frank,
1956). The praecordial leads were placed at the
level of the 4th intercostal space. The calibration
was adjusted so that one millivolt produced a
deflection of 50 centimetres. The recording was
interrupted at 2-5 msec intervals. The loops in the
horizontal, frontal, and left sagittal planes, for
each vectorcardiogram, were converted to direc-
tional voltage values by the use of an ‘X-Y’
digitizing table connected on-line to a PDP-g
digital computer? at the Children’s Hospital
Medical Center, Boston, Massachusetts. The

2 Digital Equipment Corporation, Maynard, Massa-
chusetts, U.S.A.
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vector forces were measured from the ‘E’ point
at 10 degree angle intervals.

In each plane, and for each of the directions
considered, the distribution of voltages was
characterized by a selected set of percentiles.
Graphic loops were then constructed by connect-
ing the corresponding percentile points in the
different directions of any given projection. The
direction of the horizontal and left sagittal planes
for graphic presentation was counterclockwise in
all cases. Because of the overlap of the initial and
terminal forces in the frontal plane, the direction
was not taken into account.

Percentile connecting loops of the above type
were constructed on transparent paper for super-
imposition on individual vectorcardiograms,
matching the E point and the axes (see Fig. 4). Such
loops, based on selected percentile values, were
used to determine the frequencies with which the
loops under study protrude outside the super-
imposed reference loop and in which quadrants
these high voltages occur. This was done first on
the normal series to evaluate specificity. Then, for
the purpose of gaining some idea of sensitivity,
cases of aortic and pulmonary stenosis were
studied. There were 20 patients with pure valvar
aortic stenosis, with left ventricular pressures
ranging from 150 to 280 mmHg (mean=188
mmHg), and 20 patients with pure valvar pulmon-
ary stenosis with right ventricular pressures be-
tween 69 and 103 mmHg (mean=91 mmHg). All
these children had been studied by cardiac
catheterization at the Children’s Hospital Medical
Center, Boston, Massachusetts. The age range of
these patients was from 3 to 14 years, as with the
normal subjects. The horizontal plane was used,
since it is more sensitive than the other two projec-
tions in the detection of ventricular hypertrophy.

Results

Selected percentiles of directional voltages in
the horizontal, frontal, and left sagittal pro-
jections are given in Tables 1, 2, and 3,
respectively, and partially illustrated in Fig.
1, 2, and 3.

When screening for a totally unspecified
abnormality it is necessary to consider all
parts of the loop. The loop connecting the
directional gs5th percentiles in the horizontal
projection was evaluated in this way. The
horizontal plane loops in 22 of the normal
subjects were not completely contained within
the reference loop. Thus, the false positive
rate of this procedure and criterion may be
estimated as 22 per cent, which corresponds
to a specificity of 78 per cent. In 19 of these
the positive finding arose in one quadrant
only, and in the remaining 3 it occurred in
two quadrants for each subject. The fre-
quencies of false positive values for the left
anterior (0—90°), right anterior (90-180°),
right posterior (180-270°), and left posterior
quadrant (270-360°) were 7, 3, 8, and 7,

TABLE I Horizontal plane: vector values
in millivolts

Angle Percentiles
n
degrees  Mini- § 20 50 8o 95 99 Maxi-
mum mum
o 0°40 0°46 0-69 0'95 1-31 1'58 173 1-89
10 026 046 0-66 o-89 1-28 1'55 1-69 1-83
20 023 041 0-60 o085 I-12 149 1-67 212
30 0-20 035 0'54 077 100 1-29 1°46 191
40 0’19 030 047 069 093 112 1'30 177
50 017 023 042 065 081 1-04 1-28 1°43
60 012 o018 0°40 0°59 076 0°99 1'19 1-62
70 o001 o'16 0°34 052 071 095 106 1-66
80 (X} ¢ o'I1 029 046 062 0-81 0'94 108
90 o001 o001 024 041 057 070 0'99 109
100 0°00 o-o1 018 0-32 0°49 o078 o085 1-02
110 0°00 [ X ¢ 003 024 0'42 070 0-88 0'93
120 0:00 o-o1 002 o'16 034 061 071 077
130 0:00 001 001 0°04 023 041 052 055
140 0°00 0°00 001 003 o'I1 021 0-26 0°46
150 0°00 0'00 o-oI 0-02 0'04 o'II o015 03I
160 0'00 0°00 o-o1 0-02 0'04 0’10 o013 022
170 0-00 0-00 o-o1 002 0-04 o'10 013 022
180 0-00 0-00 0-00 0-02 004 o008 o012 022
190 0°00 0-00 o-o1 0-02 0'04 o008 012 0-22
200 000 0°00 001 0°02 0'04 0-08 012 022
210 0°00 0'00 o-o1 002 004 0-08 o012 022
220 000 000 001 0-02 00§ 014 0°33 0-66
230 000 000 o-o1 002 0'06 028 062 097
240 0-00 0°00 o-o1 003 o013 057 079 1°04
250 0°00 o-o1 o-or o'10 058 095 125 1-87
260 0°00 [Xe) ¢ 006 049 084 I'II 1-41 1'55
270 001 002 037 064 095 1-39 142 1-64
280 001 029 0'44 071 098 1-36 144 1-64
290 o-o1 029 045 072 104 131 1'SI 1-61
300 017 028 0'47 075 1-08 133 1°59 165
310 024 032 050 079 1'14 131 1-68 179
320 025 033 0'56 082 118 1°48 1-87 193
330 0-26 033 058 o089 124 1-63 2:04 228
340 028 o-38 067 0'94 1-29 174 1-93 1-98
350 033 041 062 1-0I 1-31 163 177 1-97
respectively. These data, together with

analogous data for the loops connecting 97th
and 99th percentiles, are presented in Table 4.

Since left ventricular hypertrophy tends to
manifest itself in increased forces in the left
posterior quadrant of the horizontal vector
loop, this quadrant alone was used to analyse
the loops for the patients with aortic stenosis.
Table 4 shows that the use of this quadrant
alone has an estimated specificity of 93 per
cent with the loop connecting the 95th per-
centiles. Of the 20 patients with aortic stenosis,
17 showed a positive result with this pro-
cedure (Fig. 5), corresponding to a sensitivity
of 85 per cent in this small group of patients
studied. Two of the remaining 3 patients
exceeded the 95th percentile limit in the right
posterior quadrant.

To evaluate the ability to assess right
ventricular hypertrophy, right posterior and
right anterior quadrants were considered
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FI1G. I The percentile chart for the horizontal plane of the Frank vector-

cardiogram of 101 normal children. See text for detailed description.

jointly. The combined specificity of these two
quadrants for normal subjects is 89 per cent
using the loop connecting the 9sth percentiles
(Table 4). Nineteen of the 20 patients with
pulmonary stenosis showed a positive value
in the right posterior quadrant, and the re-
maining patient was positive in the right
anterior quadrant (Fig. 6). Thus, for these 20
patients with pulmonary stenosis, the 95th
percentile limit in the right anterior and right
posterior quadrants gave a sensitivity of 100
per cent.

Discussion
Variations of the QRS voltages in the planar
projections in normal children can be ex-
pressed as percentile values in various direc-
tions, and they can also be presented graphic-
ally as percentile-connecting loops. When
such a loop is used as an appropriately cali-
brated transparency, a quick visual evaluation
may be made by superimposition of the
reference loop onto the vector loop to be
analysed, scanning the loop for excessive
voltages.

In an initial test, the ability of the system
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FIG.2 The normal per-
centile chart for the frontal
plane.
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FI1G. 3 The normal percentile chart for the left sagittal plane.
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FIG. 4 The horizontal loop of a patient with valvar aortic stenosis shown on the left. On the
right, an appropriately calibrated percentile chart for the horizontal plane is superimposed. It

can be seen that the patient’s vectorcardiogram greatly exceeds the 95th percentile limit in the
left posterior quadrant.
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FIG. 5 The result of superimposition of the
horizontal plane percentile chart on the loops
of 20 patients with aortic stenosis is shown.
The points inside the 95th percentile loop
indicate maximum voltage of the patient’s
loop in that quadrant. The points outside the
95th percentile represent the voltage and
direction where the voltage excess was
maximum. It can be seen that the normal
95th percentile reference loop is exceeded in
the left posterior quadrant by 17 of the 20
patients.
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FIG. 6' The .result of superimposition of the horizontal plane percentile charts on the loops of
20 patients with pulmonary stenosis is shown. It can be seen that the normal 95th percentile is
exceeded in the right posterior quadrant by 19 of the 20 patients.
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developed to diagnose right and left ventricu-
lar hypertrophy has been shown to be satisfac-
tory. For example, with reference in the
horizontal plane, 17 of the 20 patients (859,

with aortic stenosis showed excessive voltages
in the left posterior quadrant, as opposed to
only 7 per cent of the normal subjects. The
patients with pulmonary stenosis showed
excessive voltages in the right posterior
quadrant (19 of the 20 patients) and right
anterior quadrant (one remaining patient),
while 11 per cent of the normal subjects
showed such voltages. The patients in this
study had lesions varying from mild to severe.
The inclusion of greater numbers of patients
with trivial disease would be expected to
increase the false negative rate, thus de-
creasing the sensitivity of the system.

It is concluded that the graphic method
described, using percentile vector charts, per-
mits large numbers of vector loops to be
analysed quickly. The method seems to be a
reasonably sensitive one for detecting abnor-
mality without having to do more complex
and time-consuming measurements.

References

Frank E. (1956). An accurate, clinically practical
system for spatial vectorcardiography. Circulation,
13, 737

Gamboa, R., Hugenholtz, P. G., and Nadas, A. S.
(1965). Comparison of electrocardiograms and
vectorcardiograms in congenital aortic stenosis.
British Heart Journal, 27, 344.

Hellerstein, H. K., and Hamlin, R. (1960). QRS
component of the spatial vectorcardiograms and of
the spatial magnitude and velocity electrocardio-
grams of the normal dog. American Fournal of
Cardiology, 6, 1049.

Hugenholtz, P. G., and Liebman, J. (1962). The
orthogonal vectorcardiogram in 100 normal
children (Frank system). Circulation, 26, 891.

Young, E., Liebman, J., and Nadas, A. S. (1960). The
normal vectorcardiogram of children. American
Journal of Cardiology, §, 457.

TABLE 2 Frontal plane: vector values in
millivolts

Angle Percentiles
mn
degrees  Mini- § 20 50 8o 95 99 Maxi-
mum mum
o 000 0°00 000 0-06 o018 045 054 o087
10 000 0-00 000 B8 033 083 0'98 I-1I
20 0°00 0-00 0-00 o015 058 1'19 1-78 2'00
30 0-00 0°00 0-01 048 107 1-81 212 278
40 0-00 0-00 028 0'94 1-66 2'19 257 316
50 0'00 0-01 031 077 1-41 197 227 2-36
60 0°00 o-o1 020 0°48 107 1-76 2:04 2'57
70 0°00 0-0I 016 0-36 075 1'55 175 1-82
80 000 o-oI 011 029 053 1-0I 1-27 1°41
90 000 001 004 021 042 o-89 098 1°44
100 000 0-0I 002 o018 0°34 0-68 0°90 133
110 0-00 001 0-02 016 029 0-60 076 103
120 000 o001 0-0I 014 026 0°52 0-69 082
130 0-00 o001 001 014 024 047 063 077
140 0'00 o-o1 012 o012 022 043 0'59 077
150 0-00 o-o1 o-o1 o'II 022 0°40 0'56 076
160 0'00 0-00 o-o1 o'I1 023 040 052 073
170 0-00 0-00 oo1 0'09 023 040 051 070
180 0-00 000 0-0I 0-09 0-23 039 054 068
190 0°00 0°00 o-01 009 022 035 050 0'52
200 0-00 0°00 o-o1 006 023 033 041 048
210 000 0°00 o001 003 023 032 0-38 0'44
220 0-00 0°00 o-o1 0°04 023 041 047 0:67
230 0°00 0:00 o-o1 0'04 023 038 046 0'52
240 0°00 0:00 001 003 023 035 0°41 055
250 0°00 0'00 o-o1 003 o021 033 037 0'54
260 0-00 0°00 o-o1 0'04 o018 0-33 036 0°40
270 0'00 0:00 o0-01 004 o'14 028 031 0'40
280 0°00 0'00 001 004 o'14 024 028 033
290 0'00 0°00 o001 005 o012 020 025 033
300 0:00 0°00 o-o1 0-06 o012 023 024 033
310 0°00 0'00 o-o1 005 o012 0-23 024 035
320 000 0°00 o-or1 0-05 012 023 030 035
330 0:00 0'00 001 004 o012 024 030 0°40
340 000 0'00 o-01 005 012 029 040 056
350 0-00 0°00 0-0I 004 014 031 0'44 0:66

Requests for reprints to Dr. R. S. Jones, Alder
Hey Children’s Hospital, Eaton Road, Liverpool,
Li2 2AP.

Note: Tables 3 and 4 are overleaf.
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TABLE 3 Left sagittal plane: vector values
in millivolts

Angle Percentiles
n
degrees  Mini- § 20 50 8o 95 99 Maxi-
mum mum
o 0°00 0-00 002 0'50 085 112 126 1-68
10 0'00 000 023 o060 0'98 126 142 1-63
20 0-00 000 034 068 099 129 1-38 1°63
30 0-00 0°00 039 074 1-08 1-32 1-40 1-46
40 0°00 021 ' 0°48 0-82 1'I3 141 1°48 1-80
50 o021 030 055 086 124 1:48 179 20§
60 022 0'32 o060 088 1'30 1'56 173 211
70 024 034 062 0'95 136 1°65 1-80 212
8o 032 037 061 0'94 134 1:63 175 2:02
90 030 038 o058 088 1-28 1'58 1-80 217
100 028 0'34 058 084 114 1'53 2:07 2:31
110 027 030 0°48 075 1-03 1'30 1°64 1-89
120 024 0-29 0'44 072 094 117 1-36 1°54
130 021 027 0'42 065 086 107 126 1°49
140 022 024 040 0'59 085 102 113 145
150 0'09 021 036 0’53 078 097 I'10 1'35
160 o-o1 o018 0°32 049 077 097 106 1-38
170 o-o1 003 023 045 075 099 1-06 1°44
180 001 001 oI5 0-37 0:67 0'92 110 114
190 o-o1 o-o1 003 031 055 083 1-02 113
200 o-o1 o001 003 024 043 072 0'93 1-08
210 (X} ¢ o001 003 014 0-36 063 069 o-80
220 001 o-o1 003 0-08 027 052 059 063
230 o001 o001 003 00§ 020 040 o'50 o'SI
240 o001 o-o1 003 0°04 0’12 034 041 046
250 o-o1 o-o1 003 0'04 0-09 o019 034 037
260 o-o1 001 0'02 003 006 014 023 034
270 o-o1 001 0-02 003 005 009 016 034
280 001 0-01 002 003 005 009 012 034
290 000 001 002 003 005 009 012 034
300 0°00 o001 002 003 005 016 034 0'49
310 0°00 001 002 003 0-08 027 0-38 074
320 0'00 001 0'02 0'04 o018 036 0°40 097
330 0-00 o-o1 002 0°05 030 045 057 1-04
340 o001 002 003 024 050 072 108 1-18
350 o001 002 0'04 038 068 079 087 1°61

TABLE 4 False positive rate in horizontal
plane (normal subjects)

Percentile For entire Left anterior Right anterior Right posterior Left posterior
loop loop quadrant quadrant quadrant quadrant
(0-90°) (90-180°) (180-270°) (270-360°)
No.. of  Specificity No. of Specificity No. of  Specificity No. of  Specificity No. of Specificity
subjects (%) subjects (%) subjects (%) subjects (%) subjects (%)
9sth 22 78 7 93 3 97 8 92 7 93
97th 16 84 5 95 2 98 7 93 6 94
99th 13 87 3 97 2 98 6 94 4 96




